Introduction
============

Precocious puberty (PP) in girls is classically defined as the development of secondary sexual characteristics, such as breast development, pubic hair, and menarche, before the age of 8 \[[@b1-apem-2019-24-1-27]\]. Central precocious puberty (CPP) is caused by premature activation of the hypothalamicpituitary-gonadal (HPG) axis \[[@b2-apem-2019-24-1-27]\] and is initiated as a result of pulsatile gonadotropin-releasing hormone (GnRH) secretion from the hypothalamus \[[@b3-apem-2019-24-1-27]\].

Declines in the age of pubertal onset and increases in the prevalence of PP have recently been widely reported throughout the United States and Europe \[[@b4-apem-2019-24-1-27]\]. In Korea, the annual incidence of CPP in girls increased significantly from 3.3 to 50.4 per 100,000 girls \[[@b5-apem-2019-24-1-27]\]. Although visual evaluation of breast development is often used in initial screening for CPP, such evaluations can be influenced by external factors, and patients sometimes exhibit early physical changes without central activation of the HPG axis \[[@b6-apem-2019-24-1-27],[@b7-apem-2019-24-1-27]\]. One of the main explanatory factors is the presence of environmental endocrine disruptors, which mimic estrogen activity and exert peripheral action on estrogen-dependent tissues such as breast and uterus \[[@b8-apem-2019-24-1-27],[@b9-apem-2019-24-1-27]\]. Another commonly used measurement for diagnosis of CPP is advanced bone age (BA), which is often influenced by intra- and interobserver variance \[[@b10-apem-2019-24-1-27]-[@b13-apem-2019-24-1-27]\].

Objective laboratory testing is therefore required to differentiate CPP from peripheral PP \[[@b6-apem-2019-24-1-27]\]. The gold standard for CPP diagnosis is the GnRH stimulation test (GnRHST), which measures serum luteinizing hormone (LH) and follicular stimulating hormone (FSH) levels after exogenous GnRH stimulation \[[@b7-apem-2019-24-1-27],[@b14-apem-2019-24-1-27]-[@b16-apem-2019-24-1-27]\]. However, the GnRHST is especially inconvenient for testing children because it is time-consuming and requires multiple samples.

Previous studies have addressed the need for a simplified method to screen for CPP. Basal LH has been suggested as a beneficial measure \[[@b17-apem-2019-24-1-27],[@b18-apem-2019-24-1-27]\] because LH secretion during early puberty presents a characteristic pulsatile pattern that is initially linked with sleep. As puberty progresses, this sleepwake difference decreases, and increased amplitude of LH pulse secretion is detected during the daytime \[[@b3-apem-2019-24-1-27],[@b19-apem-2019-24-1-27]-[@b21-apem-2019-24-1-27]\]. Furthermore, early morning basal LH is more sensitive than late morning/afternoon LH for CPP screening of girls in early stages of puberty \[[@b22-apem-2019-24-1-27]\]. Because the circulating half-life of LH is 80--130 minutes \[[@b20-apem-2019-24-1-27]\], LH sampling should be performed within 2 hours after waking for accurate results.

We hypothesized that morning unstimulated LH (mLH) samples acquired within 2 hours of waking could distinguish pubertal from prepubertal girls. In this report, morning basal levels of LH and FSH were evaluated in a series of patients who were diagnosed with CPP. The prognostic value of mLH level for CPP screening was examined.

The aim of the study was to determine the reliability of single morning unstimulated LH as a screening measurement.

Materials and methods
=====================

1. Patients and data collection
-------------------------------

Girls with signs of early puberty who visited the pediatric endocrinology outpatient clinic at National Health Insurance Service Ilsan Hospital (Goyang, Korea) between January 2015 and December 2016 were retrospectively reviewed. The inclusion criterion was breast development of Tanner stage II or more before the age of 8 years. Patients with peripheral PP, chronic illness, and history of long-term medication were excluded. A total of 160 girls were included in the study, which was approved by the Institutional Review Board of National Health Insurance Service Ilsan Hospital (approval number: SUYON 2014-169).

2. Methods
----------

A total of 160 girls with early breast development underwent mLH and morning unstimulated FSH (mFSH) sampling before 8:30 AM (within 2 hours after waking up) considering LH diurnal variation.

Patients were divided into 2 groups according to the results of GnRHST performed 1 week after basal morning LH sampling. Serum samples for LH and FSH were drawn immediately before administration of 100 μg of GnRH. After GnRH injection, blood samples for LH and FSH were collected at 30, 45, and 60 minutes. Peak LH concentration ≥5 IU/L on GnRHST was considered to indicate CPP. Girls with lower values were regarded as prepubertal.

Clinical data were obtained at the time of the visit, such as height, body weight, body mass index (BMI), chronological age (CA), BA, and results of laboratory analyses. Height was measured using a wall mounted stadiometer (Holtain Ltd., Pembrokeshire, UK), while BMI was calculated as weight divided by height2. BA was determined using the Greulich and Pyle method \[[@b23-apem-2019-24-1-27],[@b24-apem-2019-24-1-27]\]. Electrochemiluminescence immunoassay (Roche Diagnostics GmbH, Cobas e602, Manheim, Germany) was used to determine LH and FSH concentrations. The intraassay coefficient of variation (CV) values for LH were 1.2%, 0.7%, and 0.9% at levels of 6.15, 92.2, and 164 mIU/mL, respectively. The corresponding inter-assay CV values were 2.0%, 1.6%, and 2.2% at levels of 5.81, 89.1, and 159 mIU/mL, respectively. The intra-assay CV values of FSH were 2.6%, 2.8%, and 2.5% at levels of 5.97, 54.4, and 178 mIU/mL, respectively. The corresponding inter-assay CV values were 3.6%, 3.7%, and 4.5% at levels of 5.33, 45.9, and 229 mIU/mL, respectively. The lower detection limits of LH and FSH were 0.1 IU/L and 0.1 IU/L, respectively.

3. Data and statistical analysis
--------------------------------

SAS ver. 9.4 (SAS Inc., Cary, NC, USA) was used for statistical calculations. Associations between continuous variables were evaluated using Pearson correlation coefficient. Data are expressed as mean±standard deviation for continuous variables and median with range for categorical variables. Student t -test was used to compare groups, and *P*\<0.05 was considered statistically significant. To identify independent predictors of CPP, multivariate logistic regression analysis was performed after adjustment for BA--CA and BMI. Receiver operating characteristic (ROC) curves were used to assess the cutoff level of LH. Sensitivity and specificity at each level of basal LH were evaluated, and the area under the curve (AUC) was measured. Youden\'s J index, defined as (\[sensitivity+specificity\]--1), was used to determine the optimal gonadotropin cutoff point from the ROC curve for each assay to discriminate girls with CPP from prepubertal girls \[[@b25-apem-2019-24-1-27]\].

Results
=======

1. Baseline characteristics
---------------------------

A total of 160 patients were retrospectively analyzed. Auxological and biochemical characteristics of subjects are displayed in [Table 1](#t1-apem-2019-24-1-27){ref-type="table"}. Among 160 girls, 121 (75.6%) presented with CPP and 39 (24.4%) were determined to be prepubertal after GnRHST. Mean CA was 7.87±0.74 years in the CPP group and 7.74±0.75 years in the prepubertal group (*P*=0.330). Mean BA was 10.27±0.09 years in the CPP group and 10.01±0.18 years in the prepubertal group (*P*=0.220). The difference between CA and BA was 1.40±0.74 years in the CPP group and 1.25±0.72 years in the prepubertal group (*P*=0.277). No significant differences were observed between the 2 groups regarding CA, BA, height, weight, and BMI.

The mLH (1.01±1.81 IU/L in the CPP group and 0.21±0.28 IU/L in the prepubertal group, *P*\<0.001), mFSH (3.93±2.06 IU/L in the CPP group and 2.39±1.43 IU/L in the prepubertal group, *P*\<0.001), and mLH/mFSH ratio (0.21±0.25 in the CPP group and 0.08±0.05 in the prepubertal group, *P*\<0.001) showed significant differences between the 2 groups.

2. Relationship between morning unstimulated GnRH variables and LH level at 30 minutes after GnRH stimulation test
------------------------------------------------------------------------------------------------------------------

Pearson correlation coefficient was used to measure how strong a relationship is between unstimulated morning GnRH variables and LH level at 30 minutes after GnRHST. The correlation coefficient of mLH, mFSH, and mLH/mFSH ratio presented was 0.53 (*P*\<0.001), 0.31 (*P*\<0.001), and 0.57 (*P*\<0.001), respectively ([Table 2](#t2-apem-2019-24-1-27){ref-type="table"}).

3. ROC analysis
---------------

ROC curves were built to evaluate the sensitivity and specificity of LH, and the AUC was measured. The AUC of mLH was 0.757 (95% CI, 0.684--0.831). The optimal cutoff value of mLH to discriminate between girls with and without CPP was 0.22 IU/L, which had a specificity of 82.1% and a sensitivity of 69.4% ([Fig. 1](#f1-apem-2019-24-1-27){ref-type="fig"}).

4. Logistic regression analysis
-------------------------------

In univariate logistic regression analysis, mLH, mFSH, and mLH/mFSH ratio were significantly correlated with GnRHST results ([Table 3](#t3-apem-2019-24-1-27){ref-type="table"}). With these variables, multiple logistic regression analysis was performed. In a multiple logistic regression analysis adjusted by BA--CA and BMI, mLH≥0.22 IU/L was statistically associated with CPP (odds ratio, 9.60; *P*\<0.001). The mLH≥0.22 IU/L is considered a significant predictor of positive GnRHST (*P*\<0.001) ([Table 4](#t4-apem-2019-24-1-27){ref-type="table"}).

5. Associations between FSH, BA-CA, and positive predictive values for subgroup analysis
----------------------------------------------------------------------------------------

In girls with mLH\<0.22 IU/L (n=68), the probability of positive response after GnRHST increased with increased mFSH, and the probability of positive response after GnRHST increased with increasing difference between BA and CA. The mLH≥0.22 IU/L itself showed over 0.9 probability of positive response after GnRHST ([Figs. 2](#f2-apem-2019-24-1-27){ref-type="fig"}, [3](#f3-apem-2019-24-1-27){ref-type="fig"}).

Discussion
==========

CPP has recently increased in prevalence worldwide and can cause several adverse effects. CPP leads to early closure of epiphyses, which results in decreased final height \[[@b26-apem-2019-24-1-27]\]. Girls with CPP are at higher risk of psychological problems, reproductive tract cancers, and development of metabolic syndrome later in life \[[@b27-apem-2019-24-1-27]\]. Therefore, early detection and treatment of girls with CPP is important to improve their physical and mental health. However, the diagnosis of PP is challenging for clinicians. The diagnostic work-up of PP is difficult because pubertal timing is influenced by complex interactions among genetic factors, nutritional factors, environmental hormone-like compounds, and socioeconomic characteristics \[[@b28-apem-2019-24-1-27]-[@b31-apem-2019-24-1-27]\].

Although it is the current standard method for CPP diagnosis, GnRHST is inconvenient for pediatric patients. Therefore, initial clinical and physical examinations are generally used to screen patients with signs of early puberty. Onset of breast development (Tanner stage B2) is considered the first sign of PP in girls \[[@b32-apem-2019-24-1-27]\]. However, the presence of glandular breast tissue is difficult to assess in obese girls, and it is not easy to determine whether its development is due to GnRH - dependent activation of the HPG axis or merely represents a benign variant such as premature thelarche (PT). Diagnosis of PT has increased because of increased physician awareness, the possible influence of endocrine disruptors, and secular trends toward earlier breast development \[[@b33-apem-2019-24-1-27]\].

Other than breast development, another clinically useful cue for diagnosis of CPP is BA. CPP is associated with accelerated growth, advanced BA, and early closure of epiphyses. If BA is advanced more than 2SD (standard deviation) relative to CA, it is unlikely that a child exhibits a normal variant of pubertal development \[[@b34-apem-2019-24-1-27]\]. BA is therefore frequently used to evaluate CPP patients in clinics. However, skeletal maturation might not be related to the age of pubertal onset \[[@b35-apem-2019-24-1-27]\]. Moreover, several studies have highlighted the influence of intra- and interobserver variance on BA measurements \[[@b10-apem-2019-24-1-27]-[@b13-apem-2019-24-1-27]\]. In the present study, BA and BA advancement were not associated with positive response after GnRHST.

Basal LH levels could be a useful screening tool, as an increase in gonadotropin levels is the first measurable step in the pubertal sequence of events \[[@b18-apem-2019-24-1-27]\]. Previous studies reported that basal LH levels were useful for screening girls with suspected CPP. Pasternak et al. \[[@b18-apem-2019-24-1-27]\] suggested that a single basal LH cutoff value of 0.1 IU/L had specificity of 94.7% and sensitivity of 64.4%, which may be adequate to confirm but not refute the presence of CPP. Lee et al. \[[@b17-apem-2019-24-1-27]\] reported that elevated basal LH and basal LH to FSH ratio were significant predictors of positive response during GnRHST. The basal LH cutoff value was 0.1 IU/L, which resulted in 56.4% sensitivity and 88.4% specificity. The cutoff point of basal LH to FSH ratio was 0.04, which had sensitivity 54.4% and specificity 93.7%. Houk et al. \[[@b36-apem-2019-24-1-27]\] estimated basal LH level using 2 chemiluminescent assays (Delfia, Wallac Oy, Turku, Finland; Architect, Abbott Park, IL, USA). Basal LH level was adequate to diagnose CPP in \>90% of girls in their sample. In the Delfia assay, a basal LH cutoff value of 0.83 U/L had sensitivity of 93% and specificity of 100%. In the Architect assay, a cutoff value of 1.05 U/L had sensitivity of 100% and specificity of 100%.

In our study, tests were conducted within 2 hours after waking up for more accurate detection of early puberty. LH secretion during early puberty shows a circadian pattern due to nocturnal gonadotropin secretion \[[@b37-apem-2019-24-1-27]\], which results in decreased pulsatile LH secretion after waking. The mLH is also more sensitive than late morning/afternoon LH for screening girls in the early stages of puberty \[[@b22-apem-2019-24-1-27]\]. Because the circulating half-life of LH is 80--130 minutes \[[@b20-apem-2019-24-1-27]\], random daytime measurements of gonadotropins are likely to be incorrect. Thus, we emphasize that diurnal variation should be considered when evaluating children for PP, especially children in the early stages of puberty.

Our results demonstrate a strong correlation between the results of tests using single basal morning unstimulated LH and GnRHST. Basal LH ≥0.22 IU/L was sufficient for CPP screening, with 69.4% sensitivity and 82.1% specificity. Thus, mLH level of ≥0.22 IU/L can predict positive GnRHST, and CPP is more likely to be diagnosed. GnRHST or additional assessments should be considered for these girls to confirm CPP. In girls with mLH \<0.22 IU/L, the probability of positive response after GnRHST increased as mFSH increased and the difference between BA and CA increased. Thus, in this group, mFSH and BA measurement could be helpful for predicting positive response to GnRHST. However, girls with mLH ≥0.22 IU/L did not exhibit increased likelihood of positive GnRHST response according to these variables. By itself, mLH ≥0.22 IU/L might be sufficient to indicate high probability of positive response to GnRHST.

Findings for girls with mLH less than 0.22 IU/L suggest that the HPG axis is less likely to be involved in pubertal changes; therefore, it may be easier to observe physical evidence of early puberty than to perform immediate GnRHST. However, this single parameter is not definitive for diagnosis of CPP because it is only one of several helpful screening tools. Laboratory and physical examination results may also be inconsistent. Although mLH is a useful parameter for CPP screening, pediatric endocrinologists should not overemphasize this single measurement. The evaluation of rapid physical changes and determination of when to proceed with GnRHST should be carefully determined by clinicians. GnRHST may also be indicated when clinical examinations disagree with mLH measurement.

Our results also demonstrate that BMI is not associated with positive response after GnRHST. Body composition changes over the course of puberty, and both lean body mass and fat mass increase. Obesity during childhood may lead to early signs of puberty (thelarche) in girls \[[@b38-apem-2019-24-1-27]\], but BMI measured as a ratio of weight (kg) to the height squared (m) was not useful for CPP diagnosis (*P*=0.43). Increased juvenile obesity can be confused with breast development and erroneous CPP diagnosis. Therefore, mLH level is helpful as a first measurable step.

Our study is limited by the small number of patients included and its retrospective nature. For clinical applications, a larger patient sample is needed to determine whether elevated mLH is specific enough to replace GnRHST.

In conclusion, we demonstrate that morning unstimulated LH with emphasis on appropriate sampling time predicts positive results for GnRHST. The mLH is a useful screening tool for the diagnosis of CPP. Observations of advanced BA vs. CA and BMI, in isolation, are not helpful in screening for CPP.
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###### 

Comparison of auxological and biochemical characteristics between central precocious puberty and non-CPP group

  Characteristic              Total       CPP          Prepubertal   *P*-value
  --------------------------- ----------- ------------ ------------- -----------
  No. of subjects             160 (100)   121 (75.6)   39 (24.4)     
  CA (yr)                     7.84±0.75   7.87±0.74    7.74±0.75     0.330
  BA (yr)                     9.31±0.11   10.27±0.09   10.01±0.18    0.220
  BA--CA (yr)                 1.36±0.74   1.40±0.74    1.25±0.72     0.277
  Height z-score              0.00±1.00   0.05±1.01    -0.15±0.96    0.269
  Body weight z-score         0.00±1.00   0.00±0.95    0.00±1.16     0.984
  Body mass index *z*-score   0.00±1.00   -0.03±0.92   0.11±1.22     0.506
  mLH (IU/L)                  0.81±1.61   1.01±1.81    0.21±0.28     \<0.001
  mFSH (IU/L)                 3.56±2.04   3.93±2.06    2.39±1.43     \<0.001
  mLH/mFSH ratio              0.18±0.23   0.21±0.25    0.08±0.05     \<0.001

Values are presented as number (%) or mean±standard deviation.

CPP, central precocious puberty; CA, chronological age; BA, bone age; mLH, morning unstimulated luteinizing hormone; mFSH, morning unstimulated follicular stimulating hormone.

###### 

Coefficient of correlation by Pearson method between morning unstimulated Gonadotropin-releasing hormone (GnRH) variables and LH level at 30 minutes after GnRH stimulation test

  Variable         Correlation coefficient   *P*-value
  ---------------- ------------------------- -----------
  mLH              0.532                     \<0.001
  mFSH             0.310                     \<0.001
  mLH/mFSH ratio   0.574                     \<0.001

mLH, morning unstimulated luteinizing hormone; mFSH, morning unstimulated follicular stimulating hormone.

###### 

Univariate logistic regression analysis of factors affecting the pubertal response of the gonadotropin-releasing hormone stimulation test

  Variable                    Univariate analysis        
  --------------------------- -------------------------- ---------
  CA                          1.02 (0.98--1.06)          0.330
  BA                          1.02 (0.99--1.05)          0.220
  BA--CA                      1.02 (0.98--1.07)          0.276
  Height *z*-score            1.03 (0.98--1.08)          0.269
  Weight *z*-score            1.00 (0.95--1.06)          0.984
  Body mass index *z*-score   0.94 (0.81--1.09)          0.438
  mLH                         17.02 (2.80--103.68)       0.002
  mFSH                        1.77 (1.33--2.35)          \<0.001
  mLH/mFSH ratio              Infinit (26.28--infinit)   0.003

OR, odds ratio; CI, confidence interval; CA, chronological age; BA, bone age; mLH, morning unstimulated luteinizing hormone; mFSH, morning unstimulated follicular stimulating hormone.

###### 

Multiple logistic regression analysis of factors affecting the pubertal response of the gonadotropin-releasing hormone stimulation test

  Variable          Multivariate analysis   
  ----------------- ----------------------- ---------
  mLH \<0.22 IU/L   1                       
  mLH ≥ 0.22 IU/L   9.596 (3.853--23.900)   \<0.001

OR, odds ratio; CI, confidence interval; mLH, morning unstimulated luteinizing hormone.

Adjusted by bone age--chronological age (yr) and body mass index.
